
A cute lymphoblastic leukemia (ALL) in children 
can present with symptoms attributed to bone 

lesions,  such as bone pain [1].  While bone lesions and 
their symptoms usually resolve according to the treat-
ment course,  several drugs,  including tyrosine kinase 
inhibitors (TKIs),  can change the bone metabolism and 
cause adverse musculoskeletal effects [2-4],  complicat-
ing the clinical course of children with bone lesions.  
Here,  we report the case and clinical course of a 
3-year-old Japanese boy with Philadelphia chromo-
some-positive B-cell precursor ALL (Ph+ ALL) who 
presented with an osteolytic lesion.  Parental consent 
was obtained for this case report.

Case Presentation

A 3-year-old boy presented to a local hospital com-

plaining of pain in the right upper arm and bilateral 
lower legs.  Physical examination revealed no redness,  
swelling,  or heat in the painful areas.  There was no 
evidence of lymphadenopathy or hepatomegaly,  but the 
spleen was palpable 1 cm below the costal margin.  The 
white blood cell count in the peripheral blood was 
9.27 × 109/L with no increase in blasts.  X-ray imaging 
revealed osteolysis of the right humerus (Fig. 1A).  Bone 
mineral markers were within normal range at presenta-
tion,  with a corrected serum calcium concentration of 
10.6 mg/dL,  a phosphorus level of 6.9 mg/dL,  and an 
alkaline phosphatase level of 327 U/L (using methods of 
the Japan Society of Clinical Chemistry).

A biopsy of the right humerus revealed leukemic cell 
infiltration.  ALL was suspected,  and the patient was 
referred to our university hospital for detailed diagnosis 
and treatment.  Microscopic morphological examina-
tion revealed 55.6% lymphoblasts in the bone marrow.  
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A three-year-old boy with Philadelphia chromosome-positive B-cell precursor acute lymphoblastic leukemia 
(Ph+ALL) presented with an osteolytic lesion in his right upper arm.  Tyrosine kinase inhibitors (TKIs) such as 
imatinib and dasatinib are an essential component throughout the course of treatment for Ph+ALL.  However,  
TKIs are reported to affect the bone metabolism.  In the treatment course of the current patient,  the osteolytic 
lesion quickly improved despite the continuous use of TKIs,  even during the concomitant use of corticoste-
roids.  This suggests that TKIs can be safely given with concomitant corticosteroids to children with Ph+ALL,  
even when osteolytic lesions are present.
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Flow cytometry of the bone marrow cells identified 
blast cells positive for HLA-DR,  CD19,  CD34,  cyto-
plasmic-CD79a,  and cytoplasmic-TdT.  Karyotyping 
revealed [46,  XY,  t(9; 22) (q34; q11. 2)],  and minor 
BCR-ABL1 mRNA was detected.  Based on these find-
ings,  the patient was diagnosed with Philadelphia chro-
mosome-positive (Ph+) ALL.

We treated the patient with multiagent chemotherapy 
with imatinib,  following the EsPhALL protocol [2] and 
the Japanese Pediatric Leukemia/Lymphoma Study Group 
Ph-13 protocol.  Imatinib was started at 270 mg/m2 from 
Day 15 of the induction phase,  and morphological 
remission was achieved on Day 38 according to bone 
marrow examination.  X-rays taken on Day 33 of the 
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Fig. 1　 Changes in the osteolytic lesion in the right arm of the patient.  X-ray taken (A) before the start of chemotherapy and a tyrosine 
kinase inhibitor; (B) after an induction course,  1 month after (A); (C) after an early intensification course,  3 months after (A); and (D) 
after a total of four courses of intensification,  7 months after (A).



induction phase showed bone formation (Fig. 1B,  one 
month after diagnosis).  Imatinib was increased to 
340 mg/m2 after the induction phase.  Because the 
patient’s BCR-ABL1 transcript levels remained positive 
during the early intensification phase,  imatinib was 
changed to dasatinib 60 mg/m2 on Day 16 of the early 
intensification phase.  On Day 50 of early intensification 
therapy,  the patient’s BCR-ABL1 transcript levels 
became negative,  and molecular remission was 
achieved.  The osteolytic lesion had improved during 
treatment,  as shown on X-rays taken at the end of the 
early intensification phase,  3 months after diagnosis 
(Fig. 1C),  and after three high-risk blocks and one 
additional intensification course,  7 months after diag-
nosis (Fig. 1D).  There was no recurrence of the osteoly-
sis.  Throughout the treatment course,  we monitored 
serum calcium,  phosphorus,  and alkaline phosphatase,  
none of which showed abnormal values at any time.  As 
the X-ray findings had continued to improve,  it was 
deemed unnecessary to correct electrolyte imbalances 
or utilize bisphosphonates or denosumab.  Dasatinib 
was continued until shortly before bone marrow trans-
plantation,  resumed on Day 40 after transplantation,  
and continued until eight months after transplantation,  
when it was discontinued.  One year and five months 
after transplantation,  BCR-ABL1 became positive again,  
which was considered a relapse,  and dasatinib was 
restarted at the same dose.  Three months after relapse,  
the patient received chimeric antigen receptor T-cell 
therapy and has remained in remission for two years 
and two months at the time of writing.  The patient 
continues taking dasatinib.

Discussion

ALL is the most common form of leukemia in chil-
dren and accounts for approximately 30 percent of all 
pediatric neoplasms.  Pediatric ALL is diagnosed with a 
wide range of symptoms,  including musculoskeletal 
symptoms such as limb pain (43%) and bone pain 
(26%) [1].  Although the Philadelphia chromosome is 
present in 3-5% of children with ALL and has been 
associated with a poor prognosis,  the prognosis of Ph+ 
ALL has greatly improved with the development of 
TKIs.  Meanwhile,  various systemic effects of TKIs have 
been reported,  including cytopenia,  infection,  gastric 
toxicity,  and osteonecrosis [2].  Additionally,  several 
reports suggest that the use of TKIs affects the bone 

metabolism,  where off-target effects of TKIs lead to 
decreased synthesis of osteoclasts,  possibly decreased 
overall bone turnover,  and alterations in the calcium 
and phosphate metabolism [4-6].  Moreover,  in the 
previous literature,  imatinib has been reported to 
reduce the number and activity of osteoclasts by inhib-
iting c-fms and c-kit signaling [6].  Imatinib has also 
been reported to inhibit platelet-derived growth factor 
signaling in osteoblasts,  which reduces the number of 
osteoblasts but increases their activity [6].  Meanwhile,  
dasatinib has been reported to inhibit c-fms signaling 
and to induce mesenchymal stem cells to differentiate 
more into adipocytes rather than osteoblasts [7].  
However,  as these findings have almost always been 
based on the findings of adult patients with chronic 
myeloid leukemia,  and as children have a much more 
rapid bone turnover than adults,  there is evidence that 
TKIs can negatively affect bone formation during child-
hood.  Several case reports of children treated with 
imatinib identified bone absorption findings or 
decreased bone formation,  in contrast to adult cases,  
which usually show increased bone mineral density 
[8-10].  This could be more problematic in cases of 
osteolytic lesions or pathological fractures because their 
improvement could be delayed during the administra-
tion of TKIs.  Furthermore,  as treatment protocols for 
ALL also use corticosteroids,  there is the additional 
concern that the combination of corticosteroids and 
TKIs might even more profoundly affect bone forma-
tion in the treatment of Ph+ ALL,  although a study with 
a mouse model found that the incidence of osteonecrosis 
was not increased in the dexamethasone plus dasatinib 
group compared to the dexamethasone alone group [3].  

Contrary to our concerns,  the present patient’s 
osteolytic lesion quickly improved despite the continu-
ous use of imatinib or dasatinib,  even during the con-
comitant use of corticosteroids.  This implies that accel-
erated bone formation due to the improvement of 
leukemic infiltration by multiagent chemotherapy with 
a TKI could outweigh the possible negative effects of 
TKIs.  In the present case,  we did not measure detailed 
markers of bone metabolism,  such as parathyroid hor-
mone or 25-hydroxyvitamin D,  which could be altered 
by TKIs.  Further study including these markers would 
be warranted.  Nevertheless,  this case suggests that TKIs 
can be safely given to children with Ph+ ALL with con-
comitant corticosteroids,  even when osteolytic lesions 
are detected.

August 2023 Ph+ ALL Presenting with Osteolysis 441



Acknowledgments.　The authors would like to thank Editage (www.
editage. com) for English language editing.

References

 1. Clarke RT,  Van den Bruel A,  Bankhead C,  Mitchell CD,  Phillips B 
and Thompson MJ: Clinical presentation of childhood leukaemia:  
a systematic review and meta-analysis.  Archives of Disease in 
Childhood (2016) 101: 894-901.

 2. Biondi A,  Gandemer V,  de Lorenzo P,  Cario G,  Campbell M,  
Castor A,  Pieters R,  Baruchel A,  Vora A,  Leoni V,  Stary J,  
Escherich G,  Li CK,  Cazzaniga G,  Cavé H,  Bradtke J,  Conter V,  
Saha V,  Schrappe M and Grazia Valsecchi M: Imatinib treatment 
of paediatric Philadelphia chromosome-positive acute lymphoblas-
tic leukaemia (EsPhALL2010): a prospective,  intergroup,  open-la-
bel,  single-arm clinical trial.  The Lancet Haematology (2018) 5:  
e641-e652.

 3. Finch ER,  Janke LJ,  Li L,  Payton MA,  Jenkins DA,  Crews KR,  
Relling MV and Karol SE: Dasatinib does not exacerbate dexa-
methasone‐induced osteonecrosis in murine models of acute lym-
phoblastic leukemia therapy.  Pediatric Blood & Cancer (2022) 69:  
e1-e7.

 4. Alemán JO,  Farooki A and Girotra M: Effects of tyrosine kinase 
inhibition on bone metabolism: untargeted consequences of tar-

geted therapies.  Endocrine-Related Cancer (2014) 21: 247-259.
 5. Berman E,  Nicolaides M,  Maki RG,  Fleisher M,  Chanel S,  Scheu K,   

Wilson BA,  Heller G and Sauter NP: Altered Bone and Mineral 
Metabolism in Patients Receiving Imatinib Mesylate.  New England 
Journal of Medicine (2006) 354: 2006-2013.

 6. Vandyke K,  Fitter S,  Dewar AL,  Hughes TP and Zannettino ACW:  
Dysregulation of bone remodeling by imatinib mesylate.  Blood 
(2010) 115: 766-774.

 7. Borriello A,  Caldarelli I,  Basile MA,  Bencivenga D,  Tramontano A,  
Perrotta S,  Ragione FD and Oliva A: The Tyrosine Kinase Inhibitor 
Dasatinib Induces a Marked Adipogenic Differentiation of Human 
Multipotent Mesenchymal Stromal Cells.  PLoS ONE (2011) 6:  
e28555.

 8. Mariani S,  Giona F,  Basciani S,  Brama M and Gnessi L: Low 
bone density and decreased inhibin-B/FSH ratio in a boy treated 
with imatinib during puberty.  The Lancet (2008) 372: 111-112.

 9. Kimoto T,  Inoue M and Kawa K: Growth deceleration in a girl 
treated with imatinib.  Int J Hematology (2009) 89: 251-252.

10. Millot F,  Guilhot J,  Baruchel A,  Petit A,  Leblanc T,  Bertrand Y,   
Mazingue F,  Lutz P,  Vérité,  C,  Berthou C,  Galambrun C,  Sirvent N,   
Yacouben K,  Chastagner P,  Gandemer V,  Reguerre Y,  Couillault G,   
Khalifeh T and Rialland F: Growth deceleration in children treated 
with imatinib for chronic myeloid leukaemia.  Euro J Cancer (2014) 
50: 3206-3211.

442 Shiwaku et al. Acta Med.  Okayama　Vol.  77,  No.  4


